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i n p o c k e t ABSTRACT
The Soda Lake geothermal area i s l o c a t e d i n t h e Carson Desert, w e s t -c e n t r a l Nevada.
i n t h e past, r e s u l t i n g i n s u r f a c e d e p o s i t s which have m o t i v a t e d p r e s e n t geothermal e x p l orati.on. The geothermal anomaly i s i n Q u a t e r n a r y c l a s t i c sediments which a r e as much as 4600 f e e t t h i c k . The sediments c o n s i s t o f i n t e r b e d d e d d e l t a i c , l a c u s t r i n e , and a1 1 u v i a l sediments.
Hot s p r i n g s a c t i v i t y has o c c u r r e d i n t h e Soda Lake area I Q u a t e r n a r y b a s a l t i c igneous a c t i v i t y has produced c i n d e r cones, p h r e a t i c e x p l o s i o n s t h a t formed t h e maar occupied b y Soda Lake, and p o s s i b l e d i k e s .
Opal d e p o s i t i o n and s o i l a l t e r a t i o n a r e r e s t r i c t e d t o a small area two m i l e s n o r t h o f Soda Lake. The l o c a t i o n o f h o t s p r i n g s a c t i v i t y and t h e
surface thermal anomaly may be p a r t i a l l y c o n t r o l l e d by n o r t h -n o r t h e a s tt r e n d i n g f a u l t s .
I

INTRODUCTION
I
The Soda Lake geothermal a r e a i s l o c a t e d i n the Carson Desert, i n western C h u r c h i 11 County, west-central Nevada (Figure 1 ) .
Thermal waters were f i r s t discovered i n the Carson Desert i n 1903 when a well d r i l l e d a t the s i t e of an e x t i n c t h o t s p r i n g n o r t h e a s t of Soda Lake h i t h o t water a t a d e p t h of 60 f e e t (Garside and S c h i l l i n g , 1979, P. 9 ) . Company became interested i n the a r e a i n the e a r l y 1970s and has d r i l l e d several e x p l o r a t i o n holes i n the Soda Lake a r e a (Hi1 1 and o t h e r s , 1979).
Chevron encountered temperatures i n excess of 365OF i n e x p l o r a t o r y holes ( H i l l and others, 1979).
The Olmsted Chevron Resources
The p r e s e n t s t u d y was u n d e r t a k e n a s p a r t of t h e I n d u s t r y Coupled C a s e S t u d i e s Program of the Department o f Energy, Division o f Geothermal Energy.
The o b j e c t i v e s of this study a r e t o present the geologic setting of the YGRA and the subsurface information a v a i l a b l e from the Chevron well cuttings.
GEOLOGIC SETTING
T h e rocks exposed w i t h i n the Carson Desert c o n s i s t of Quaternary t o Recent , poor1 y consol i dated sediments and m i nor basal t i c vol cani c rocks. 
Subsurface i n f o r m a t i o n i n t h e Soda Lake area comes from s i x holes, Chevron's Soda Lake 44-5, 1-29, 53-33, 11-33, 36-78 Soda and L i t t l e Soda Lakes occupy c r a t e r s formed b y r n u l t i o l e p h r e a t i c e x p l o s i o n s and v o l c a n i c e r u p t i o n s . l a p i l l i , and l a c u s t r i n e d e p o s i t s (Morrison, 1964, u . 71) .
was s u b a e r i a l and post-dated t h e l a s t l a k e r i s e t o t h a t l e v e l .
The c r a t e r r i m c o n s i s t s o f v o l c a n i c sand, The l a s t e r u p t i o n A sample o f b a s a l t from R a t t l e Snake H i l l , n o r t h o f F a l l o n ( F i g u r e 11, Subsurface b a s a l t i c rocks w i t h i n the Quaternary alluvium were o e n e t r a t e d
'
i n Soda Lake 1-29, 11-33, and 63-33. The igneous rocks consist of non-porphyri t i c pyroxene b a s a l t w i t h t r a c h y t i c texture. No evidence o f vesicles or amygdaloids i n the b a s a l t was found i n the c u t t i n g s , and the sediments i n c o n t a c t w i t h the t h i c k b a s a l t intercept i n Soda Lake 1-29 a r e \ a l t e r e d above and below the b a s a l t . T h i s suggests t h a t the b a s a l t occurs as d i k e s rather t h a n flows. The b a s a l t s i n Soda Lake 63-33 and 11-33 are p e t r o l o g i c a l l y i d e n t i c a l t o the basalts i n Soda Lake 1-29 and d i f f e r e n t from the b a s a l t of the P l e i s t o c e n e b a s a l t flows penetrated i n Soda Lake 44-5.
SUBSURFACE INFORMATION
Subsurface s t r a t i g r a p h i c information i n the Soda Lake a r e a i s based on i n t e r p r e t a t i o n o f d r i l l c u t t i n g s from six holes: Soda Lake 44-5, 1-29, 11-33, 56-33, and 36-78, d The Carson Sink f l hole penetrated over 3000 feet of b a s a l t and a n d e s i t e flows (Horton, 1978) .
These flows a r e i n t e r p r e t e d t o be
Below the b a s a l t flows i s an a l t e r e d , welded ash-flow t u f f .
Soda Lake 1-29 encountered a pyroxene gabbro below the sediments a t a depth o f 3940 f e e t .
I
Tuffs and tuffaceous sand and mudstone are Dredominant below a depth of 2400 feet. The basal eight hundred f e e t of Quaternary sediments are poorly sorted mudstone, sand, s i l t , and t u f f . These are overlain by organic-rich, laminated mudstone which may represent the f i r s t lake event or a deltaic swamp. A channel gravel has replaced most of the mudstone u n i t i n Soda Lake 44-5 ( P l a t e 1 ) . Above the organic-rich mudstone i s 250 f e e t of sand and mudstone, which may also be lacustrine, overlain by 230 f e e t of mudstone, s i l t s t o n e , and shale with organic carbon. In the next 2000 f e e t , between a depth o f 3000 f e e t and 1000 f e e t , individual beds cannot be correlated. In general, sand and gravel predoqinate i n the Carson S i n k #1 hole and finer-grained sand t o clay are present i n the holes north of Soda Lake.
The basalt intercepts between 1300 and 2000 f e e t i n Soda Lake 1-29, 11-33, and 63-33 are petrographically identical.
be dikes and were discussed in the Igneous A c t i v i t , y section of t h i s report.
The basaltic crystal ash a t 1520 f e e t i n Soda Lake 44-5 has tabular p l a g i oclase phenocryst and i s d i s t i n c t from basalt dikes.
These basalts are thought t o
A unit consisting o f shale, mudstone, and fine sand occurs between a depth o f 700 and 1000 f e e t i n the four d r i l l holes i n which cuttings are available for t h i s interval (Plate 1). These rocks probably formed i n a deep lake environment. The Lake Lahontan formations probably account for only the upper 400 f e e t of sediments (Morrison, 1964) .
SURFACE ALTERATION AND SINTER DEPOSITS
Hot springs deposits and alteration are r e s t r i c t e d t o several small areas two miles n o r t h of Soda Lake (Figure 2 ) . kaolinite, i r o n oxides, and hydroxides (Olmsted and others, 1975 , p . 103).
The alteration extends a b o u t two hundred f e e t t o the section l i n e road west of an abandoned steam well and approximately one hundred f e e t t o the e a s t where i t i s covered by a sand dune.
Here the soil has been a1 tered t o Shallow hand-dug p i t s have exposed b r i g h t l y colored alteration a few inches be steam we1 1 . formed the boundary of a NE-trending graben.
One linear extends from opa1;cemented sand t o the altered area of the The surface expression indicates r e l a t i v e movement down t o the SE vi1 1 and others ( 1979) concl uded t h a t the f a u l t dipped SE and Offset on the photo linears 9 appears t o be a few f e e t a t most. c u t t i n g s i n t h e form o f gouge and s l i c k e n s i d e s u r f a c e s on chips; l o c a t i o n s of t h e p o s s i b l e f a u l t i n t e r c e p t s a r e shown on P l a t e 1. There a r e no marker beds which c o u l d be used t o demonstrate o f f s e t between holes. The sedimentary f a c i e s c o r r e l a t e d between h o l e s c o u l d be o f f s e t a few t e n s o f feet.
Some evidence f o r f a u l t i n g was found i n t h e HEAT FLOW AND TEMPERATURE
Olmsted and o t h e r s (1975, p. 115) e s t i m a t e d a c o n d u c t i v e h e a t discharge
o f 3.2 x 106 c a l / s e c as a minimum from t h e Soda Lake thermal anomaly enclosed by t h e 2OOC i s o t h e r m a t a depth o f 30 m. several water samples from two i n t e r v a l s i n Chevron's Soda Lake 1-29 t e s t h o l e ( 
E a r t h Science L a b o r a t o r y , 1979). Cal c u l a t e d r e s e r v o i r t e m e r a t u r e s u s i n g t h e s i l i c a geothermorneter averaged 183oC f o r b o t h t e s t i n t e r v a l s w i t h a range o f
176' t o 192OC f o r 6 samples. The measured temperature i n t h e l o w e r i n t e r v a l , 1008-1531 f e e t deeo, averaged 174OC. r e s e r v o i r temperature i n excess o f 4 0 0 0~ ( 1 9 0 0~) .
Chemical analyses were made o f H i l l and o t h e r s (1979) e s t i m a t e d a CONCLUSIONS
The Soda Cake thermal anomaly i s l o c a t e d i n t h i c k Q u a t e r n a r y c l a s t i c sediments. I n general t h e sediments a r e c o a r s e r t o t h e southwest and f i n e r t o t h e n o r t h and n o r t h e a s t . The g r a v e l s found i n Soda Lake 44-5 and Carson Sink Y 1 a r e p r o b a b l y channel d e p o s i t s w h i l e t h e few c l e a n sand zones may be beach d e p o s i t s .
44-5, which a r e f i v e m i l e s a p a r t , than between Soda Lake 44-5 and Soda Lake 1-29, which a r e o n l y 2 m i l e s a p a r t . T h i s i s p r o b a b l y because Carson Sink #1
There i s a g r e a t e r s i m i l a r i t y between Carson Sink f l and Soda Lake # and Soda Lake 44-5 a r e both i n the d e l t a -a l l u v i a l fan f a c i e s , b u t Soda Lake 1-29, 11-33, and 63-33 a r e i n the lake-playa f a c i e s o f d e p o s i t i o n . The area of d e l t a i c o r l a c u s t r i n e deposition s h i f t e d a t times due t o rise and f a l l o f the basin l a k e , b u t the d e l t a -a l l u v i a l fan g e n e r a l l y extended from the southwest t o just north of Soda Lake.
'
I Soda Lake 1-29, 63-33, and 11-33 a r e i n finer sediments than Soda Lake 44-5 and Carson S i n k #1 t o the south. Most of the c u t t i n g s from Soda Lake 1-29 a r e of s i l t y and sandy mudstone derived from t u f f a c e o u s m a t e r i a l . All of the t u f f s intercepted have undergone f l u v i a1 t r a n s p o r t .
The Quaternary sediments a r e 4600 feet t h i c k and overlay b a s a l t flow under Soda Lake and t o the west. (Horton, 1978) and was used i n this r e p o r t . Helpful c o n s u l t a t i o n on c u t t i n g s i n t e r p r e t a t i o n was provided by J e f f Hulen. Valuable guidance i n the preparation o f this r e p o r t was given by Joe Moore, and the c r i t i c a l reviews o f the manuscript by J o e Moore and Howard Ross a r e appreciated. The d r a f t i n g was done by Oawnetta B o l a r i s and Connie Pixton and typing by Lucy S t o u t .
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Bunejug formation-basalt, witti olivine crystals. 
